Introduction
It is well known that vitamin D deficiency leads to rickets in children and osteomalacia in adults (Holick, 2003) . It also seems to be a major risk factor for osteoporosis in elderly people (Lips, 2001) . The most reliable marker of vitamin D status is the serum concentration of the main circulating metabolite, 25-hydroxyvitamin D (25(OH)D), which correlates well with the body's vitamin D stores (Holick, 2003) . Its half-life is about 3 weeks and its concentration reflects vitamin D supply from both cutaneous production and diet (Lips, 2001) . There is no common agreement of a lower reference limit for the safe level of 25(OH)D, although it has been proposed that levels below 50 nmol/l should indicate mild vitamin D deficiency, while levels below 25 nmol/l should indicate moderate vitamin D deficiency (Lips, 2001) . Clinical signs of vitamin D deficiency were practically eradicated in Norway in the 1950s, but have re-emerged during the last decades in certain immigrant groups (Brunvand & Nordshus, 1996) . Vitamin D deficiency may be exacerbated when moving from low-latitude to high-latitude countries. There are currently about 50 000 immigrants of Asian background living in Oslo, constituting about 10% of the total population in Oslo (Statistics Norway, 2003) . Vitamin D deficiency has been demonstrated to be common in pregnant Pakistani women living in Oslo (Brunvand & Haug, 1993; Henriksen et al, 1995; Falch & Steihaug, 2000) as well as in children of immigrant background living in Norway (Brunvand & Nordshus, 1996; Brunvand & Brunvatne, 2001) . A recent study from Oslo showed a very high prevalence of vitamin D deficiency and secondary hyperparathyroidism in both men and women with Pakistani background living in Oslo compared to ethnic Norwegians (Meyer et al, 2004) . Only 10% of the women and 8% of the men with Pakistani background had s-25(OH)D of 50 nmol/l or more, compared to 86% of men and women with Norwegian background. A high prevalence of vitamin D deficiency among immigrants has also been reported in other Northern European countries, such as Denmark (Glerup et al, 2000; Pedersen et al, 2003) and the UK (Shaw & Pal, 2002; Hamson et al, 2003) . However, the evidence is limited and the preponderance of studies are not populationbased but conducted in clinical settings. Asian Indians are the ethnic group most commonly studied. We are not aware of any studies that have evaluated vitamin D status in the adult population of ethnic groups living in Norway other than the Pakistanis.
The aims of our study were to describe the prevalence of vitamin D deficiency as well as to identify predictors of vitamin D deficiency in some of the main immigrant groups in Oslo. To do so, we measured s-25(OH)D in five important immigrant groups (Turkey, Sri Lanka, Iran, Pakistan, and Vietnam) that already participated in a large populationbased study (The Oslo Immigrant Health Study). We also analysed background data from this study providing information about risk factors for vitamin D deficiency.
Methods
The Oslo Immigrant Health Study was an extension of the Oslo Health Study (HUBRO) 2000-2001. It was a populationbased cross-sectional study conducted under the joint collaboration of the Norwegian Institute of Public Health and the University of Oslo. The study was carried out during the period February-November 2002.
Population
All persons between the ages 31-60 y (main cohort) born 1942-1971, and 20-30 y (additional cohort) born 1972-1982 with native countries Turkey (401N), Sri Lanka (71N), Iran (361N), Pakistan (341N), and Vietnam (111N) residing in Oslo (601N) were invited to participate in the Oslo Immigrant Health Study. The study excluded individuals from the five age cohorts that had previously been invited to the main HUBRO study (born in 1970, 1960, 1955, 1940-1941 and 1924-1925 . All persons included between 3 April and 10 June had their s-25(OH)D analysed. This included a total of 1000 persons (491 men and 509 women) distributed on all five ethnic groups. Mean age was 39 y for men and 37 y for women (P ¼ 0.001).
Data collection
All participants underwent a clinical examination and filled in a self-administered questionnaire. The clinical examination included anthropometric measures (height, weight, waist and hip circumference) and the collection of nonfasting blood samples. The questionnaire included questions about diet and supplements, physical activity and education level. Physical activity level was defined as sedentary if main activities during leisure time was reading or watching TV, moderate if walking, cycling or moving about in some other way at least four times per week, and high if taking part in physical exercise or competitive sport at least four times per week.
Blood sample analyses Serum samples were kept frozen at À701C until analysed. s-25(OH)D was measured by radioimmunoassay (DiaSorin, Stillwater, MN, USA) in the Hormone Laboratory, Aker University Hospital. This assay measures both 25(OH)D 3 and 25(OH)D 2. The intra-and interassay coefficients of variation (CVs) were 6 and 14-15%, respectively. The limit of detection was 6 nmol/l.
Statistical analyses
As the distribution of s-25(OH)D was highly skewed, we performed nonparametric statistical tests. The prevalence of vitamin D deficiency was assessed by logistic regression analyses. We defined vitamin D deficiency as having s-25(OH)D below 25 nmol/l, as proposed by Lips (2001) . Additional analyses were performed stratified on ethnic groups.
Ethics
The study protocol was approved by the Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate.
Results
Overall median s-25(OH)D was 30 nmol/l in men and 27 nmol/l in women (P ¼ 0.000, Table 1 ). Median s-25(OH)D was low (o50 nmol/l) in all ethnic groups and very low (o25 nmol/l) in those born in Pakistan ( Figure 1 ). This applied to both men and women (Table 1) . Median s-25(OH)D was significantly lower in women than in men for those born in Turkey (P ¼ 0.000), Iran (P ¼ 0.033), and Pakistan (P ¼ 0.014), but not for those born in Sri Lanka and Vietnam. In all, 37.2% (372 persons) had vitamin D deficiency according to our definition (s-25(OH)D o25 nmol/l), and the prevalence was highest in those born in Pakistan (Table 1) . A higher proportion of women than men had vitamin D deficiency (43.0 vs 31.2%, P ¼ 0.000). The lowest s-25(OH)D was seen in women born in Pakistan, of whom 64.9% had vitamin D deficiency. In all, 10% of the immigrants had s-25(OH)D levels above 50 nmol/l, defined as sufficient levels (Lips, 2001) (Table 1) .
Age s-25(OH)D tended to increase with increasing age, but this was only significant for persons born in Turkey (median difference 11 nmol/l between those 20-30 y and those 51-60 y, P ¼ 0.041). We did not observe any statistical interaction effect between native country and age on s-25(OH)D (not shown).
Season s-25(OH)D was higher in blood samples drawn in June compared to those drawn in April or May (median 34 nmol/l vs 28 nmol/l, P ¼ 0.004). The prevalence of vitamin D deficiency was lower in those drawn in June (24% in June vs 39% in April, P ¼ 0.013). In men, median s-25(OH)D increased from 30 nmol/l in April to 39 nmol/l in June (P ¼ 0.002). In women, the increase was from 26 nmol/l in April to 31 nmol/l in June (not significant).
Cod liver oil and fish oil supplements Reported use of cod liver oil or other fish oil supplements showed a strong inverse association with vitamin D deficiency in all groups except men born in Vietnam (Table 2) . Those born in Sri Lanka were the most frequent Vitamin D deficiency in five immigrant groups in Oslo K Holvik et al cod liver oil supplement users (23% reported daily use), whereas those born in Pakistan were the least frequent users (7% reported daily use).
Fatty fish intake s-25(OH)D increased significantly by increasing frequency of intake of fatty fish (eg salmon, trout, mackerel, herring) ( Table 2 ). The association between fatty fish intake and s-25(OH)D was similar in men and women. There was reduced odds ratio (OR) of vitamin D deficiency with increased frequency of fatty fish consumption in both sexes (Table 2) . This was still significant for the highest frequency (43 times/week) after adjustment for possible confounders, including cod liver oil supplement use. The strongest association was present in those born in Sri Lanka and Vietnam (not shown), who consumed fatty fish most frequently.
BMI
There was a trend of increased OR of vitamin D deficiency with increasing BMI, which was significant in women, also after adjustment for possible confounders ( 
Calcium intake
We estimated calcium intake from milk, cheese and yogurt, based on reported frequencies of intake as well as standard portion sizes and average calcium content of these foods. It ranged from 0 to 1269 mg/day with a mean of 235 mg/day. It was lowest in men born in Vietnam (mean 117 mg/day) and highest in women born in Turkey (mean 295 mg/day). The prevalence of both being in the lowest quartile of s-25(OH)D and the lowest quartile of estimated calcium intake from milk, yogurt and cheese for men was 1.4% for those born in Turkey, 9.9% for those born in Sri Lanka, 4.2% for those born in Iran, 7.0% for those born in Pakistan and 0% for those born in Vietnam. The corresponding figures for women were 6.7% for those born in Turkey, 6.6% for those born in Sri Lanka, 3.9% for those born in Iran, 13.3% for those born in Pakistan and 13.2% for those born in Vietnam.
Discussion
We found a high prevalence of vitamin D deficiency in both men and women born in Turkey, Sri Lanka, Iran, Pakistan and Vietnam living in Oslo. The prevalence was higher among women than men, and it was higher among those born in Pakistan and lower among those born in Vietnam compared to the other ethnic groups. These findings are in accordance with previous Norwegian studies that have reported widespread vitamin D deficiency in Pakistani women (Brunvand & Haug, 1993; Henriksen et al, 1995; Falch & Steihaug, 2000) and in immigrant children of predominantly Pakistani background (Brunvand & Nordshus, 1996; Brunvand & Brunvatne, 2001 ). However, vitamin D status in other immigrant groups in Norway than the Pakistanis has not previously been studied. To our knowledge, this is the first study internationally that assesses vitamin D status in both men and women of these ethnic minority groups in a community setting. Studies from Denmark and the UK indicate that vitamin D deficiency may be widespread in immigrants living in Western affluent communities, but these have most commonly been conducted in clinical settings (Serhan et al, 1999; Glerup et al, 2000; Wilkinson et al, 2000; Iqbal et al, 2001; Datta et al, 2002; Pedersen et al, 2003) .
The participation rate was low, 39.7% in the main cohort (31-60 y), and only 18.7% in the additional cohort (20-30 y). Therefore, we cannot exclude the possibility of selection bias. In spite of this, the community-based design is preferable, and to our knowledge this is the first Norwegian population-based study that evaluates vitamin D status in immigrants. Mean s-25(OH)D in ethnic Norwegians in the main HUBRO study was 74.8723.7 nmol/l (Meyer et al, 2004 ) compared to median s-25(OH)D 28 nmol/l in immigrants, implying that the observed serum levels in the immigrant groups are so low that it is unlikely to be merely due to bias. Also, the differences between the ethnic groups were consistent across the age strata (not shown) and there was no interaction effect between age and native country on s-25(OH)D, suggesting that the low participation rate in the youngest age group did not influence the results substantially.
Moreover, previous studies have dealt largely with women. We found a high prevalence of vitamin D deficiency also in men, demonstrating that it is not merely a female problem. Women born in Turkey, Iran and Pakistan had higher prevalence of vitamin D deficiency than men from the same countries, whereas there were no sex differences for those born in Sri Lanka and Vietnam. This implies that factors involved in vitamin D deficiency may differ more between men and women in some ethnic groups than others. There were no significant sex differences in cod liver oil use or fatty fish intake frequency within the ethnic groups. However, there was a marked difference in education (which was strongly inversely associated with vitamin D deficiency in women): Men born in Turkey, Iran, and Pakistan had significantly longer education compared to women from the respective countries, whereas men and women born in Sri Lanka and Vietnam had similar length of education (not shown). We expect that outdoor activity and clothing habits largely account for the differences. There is no general advice for immigrants living in Norway about time spent outdoors or exposure of skin. Veiling or staying indoors may be more common in women from Turkey, Iran, and Pakistan, although such exposure was not accounted for in the questionnaire. However, a currently ongoing study will evaluate time spent outdoors and clothing habits of Pakistani and Turkish women living in Oslo. A study from the United Arab Emirates showed markedly lower s-25(OH)D in Arab women than in European women living at the same latitude, which was mainly determined by clothing. Both education level and total UV score (based on clothing and duration of sun exposure) was lower in the Arab women than in the European women (Dawodu et al, 1998) .
The question about physical activity was used as a means of studying a possible effect on vitamin D status of moving outdoors, although self-reported physical activity may not be expected to be a good indicator of sun exposure. There was no clear association between physical activity level and Vitamin D deficiency in five immigrant groups in Oslo K Holvik et al vitamin D status, although there was reduced OR of vitamin D deficiency in moderately active women compared to sedentary women, which was of borderline significance when taking possible confounders into account.
It is well established that s-25(OH)D varies throughout the year in response to the seasonal changes in sunlight exposure (Holick, 1995) . All blood samples were collected during the period April through June. The effect of sunlight seemed to be larger for men than for women, as there was a significant increase in s-25(OH)D in blood samples obtained from men, whereas the increase was smaller and not significant for women. This suggests that these women benefit less from the increased sunlight through the spring months than men do, possibly by exposing their skin less to the sun.
Use of fatty fish and cod liver oil or other fish oil supplements was independently associated with reduced OR for vitamin D deficiency in all groups. Vitamin D supplement use is well known to influence 25(OH)D levels in blood, particularly when sun exposure is limited (Davies et al, 1999; Brustad et al, 2003) . Increasing the intake of vitamin D supplements or vitamin D containing foods may thus be a possible means of reducing the prevalence of vitamin D deficiency. However, a very low proportion used cod liver oil supplements regularly, particularly among the Pakistani women who were the group at highest risk (only 5.5% of Pakistani women used cod liver oil daily). Previous attempts to reduce the prevalence of vitamin D deficiency in pregnant Pakistani women by distributing cod liver oil supplements have been unsuccessful . As cod liver oil supplementation is a typical Norwegian tradition that may be unfamiliar to immigrants with Asian background, encouragement to increase fatty fish intake may be an effective alternative approach.
We observed a significant inverse relationship between vitamin D status and BMI in women but not men, and it was strongest in women born in Turkey and Pakistan. A considerably higher proportion of women (20%) than men (11%) were obese. Others have also reported decreased 25(OH)D levels with increasing BMI (Jacques et al, 1997; Semba et al, 2000) . This may be due to less sun exposure, or decreased bioavailability of vitamin D from subcutaneous adipose tissue (Wortsman et al, 2000) , or through alterations in the vitamin D endocrine system (Bell et al, 1985) .
Length of education was positively related to vitamin D status in women born in Turkey and Iran, also when controlling for fatty fish and cod liver oil intake. Others have also found 25(OH)D levels to be positively correlated with education level in women (Isaia et al, 2003) . Dawodu et al, 1998 did not find education level to be independently associated with 25(OH)D levels in Arab women when sun exposure was controlled for. It may thus be suspected that education level influences sun exposure (such as clothing habits), although socioeconomic background is also known to influence dietary habits. Education level may be a marker of the acquirement of a Western lifestyle.
Calcium intake
A very low calcium intake would exacerbate the effects of vitamin D deficiency and may be an independent risk factor of rickets and ostemalacia (DeLucia et al, 2003) . The combination of low s-25(OH)D and a low calcium intake may be particularly harmful and could be useful in identifying those at high risk. Estimated calcium intake from milk, cheese and yogurt was lowest in those born in Vietnam and highest in those born in Turkey. Possible adverse effects on the calcium balance should be taken into consideration for those who have a very low calcium intake combined with low s-25(OH)D, although levels are not below 25 nmol/l. However, the results should be interpreted with caution as the report of calcium-containing foods is not sufficiently validated and may differ between subjects, and as we have not taken into account other dietary calcium sources than dairy products.
Conclusion
Vitamin D deficiency is widespread in both men and women born in Turkey, Sri Lanka, Iran, Pakistan and Vietnam living in Oslo. The prevalence is higher among women than among men, and it is highest in women born in Pakistan. Fatty fish intake and cod liver oil supplement use are strong positive predictors of vitamin D status in all ethnic groups, suggesting that encouragement of an increased intake of fatty fish or fish oil supplements could be a means of improving vitamin D status in these ethnic groups. For women, BMI and length of education are also predictors of vitamin D status.
